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The glomerular mesangium: Uptake and transport of intra-
venously injected colloidal carbon in rats. Colloidal carbon, 70
mg/l00 g, was injected into rats which were sacrificed for histo-
logic study of the kidneys at intervals of five minutes to seven
weeks. Transient thrombocytopenia and albuminuria were ob-
served. Uptake of carbon by the mesangium of glomeruli was
maximal at 32 hr and gradually decreased thereafter. Semi-
quantitative analysis of the distribution of carbon particles within
glomeruli revealed a predominately peripheral localization during
early time periods, and increased relative concentrations of par-
ticles within more central zones and in the lacis area at the vascular
pole of the glomerulus at two to seven weeks, indicating that one of
the mechanisms for clearance of materials from the mesangium
was movement of particles in the direction of the lacis area. Se-
quential electron microscopic studies showed that carbon particles
moved through fenestrae in the endothelium covering the mesan-
gium into channels between mesangial cells. Observations at later
intervals suggested that carbon eventually reached the vascular
pole by being passed on from one mesangial cell to the next.
Vasoactive amines or other substances derived from platelets may
play an important role in initiating the process of mesangial up-
take.
Mesangium glomerulaire: Captation et transport du carbone col-
loIdal injecté par voie intra-veineuse chez le rat. Du carbone
colloidal, 70 mg par 100 g, a été injecte a des rats qui ont été
sacriflés, pour l'étude histologique des reins, après des délais allant
de cinq minutes a sept semaines. Une albuminurie et une throm-
bocytopénie transitoires ont été observées. La captation de carbone
colloidal est maximale a 32 heures et diminue progressivement au
delà. L'analyse semi-quantitative de Ia distribution des particules
de charbon a l'intérieur des glomerules révèle une localisation
périphérique prédominante dans les temps précoces et, de deux a
sept semaines, une augmentation de Ia concentration relative des
particules dans des zones plus centrales et dans Ia region du lacis au
pole vasculaire du glomerule. Cela indique que l'un des méca-
nismes d'épuration du mésangium est un mouvement de parti-
cules vers Ia region du lacis. Des etudes séquentielles en microscopic
electronique montrent que les particules de carbone vont, a travers
des fenêtres de l'endothélium qui recouvrent le mésangium, dans
des canaux situés entre les cellules mesangiales. Des observations
plus tardives suggèrent que le carbone atteint finalement le pOle
vasculaire après avoir été transféré d'une cellule mésangiale a Ia
cellule adjacente. Les amines vaso-actives ou d'autres substances
dérivées des plaquettes pourraient jouer un rOle important en
initiant Ic processus de captation mesangiale.
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The phagocytic capacity of an interdigitating sys-
tem of cells and channels in the centrolobular region
of the renal glomerulus was first clearly demonstrated
with thorotrast particles by Latta, Maunsbach and
Madden [1, 2]. The experiments of Farquhar and
Palade [3], using injected ferritin particles, were espe-
cially important in further establishing the existence
of this "third cell" system and in evolving the con-
cept that this system, now generally referred to as
the mesangium, might have a role in clearing resi-
dues from the basement membrane filter. Other in-
vestigators have utilized colloidal carbon [4], aggre-
gated proteins [5] and peroxidases of different mo-
lecular weight [6] to further clarify this concept and
to firmly establish a reticuloendothelial (RE)-like
function for mesangial cells, as first proposed by Ben-
acerraf, McCluskey and Patras [7] many years ago.
It is now generally thought that filter residues
which penetrate to the inner aspect of the basement
membrane are removed toward the mesangium, and
phagocytosed by the mesangial cells. The eventual
fate of materials taken up by the mesangium re-
mains unclear, however. Latta and Maunsbach [2]
expressed doubt that there was any important move-
ment of thorotrast particles toward the vascular pole
and lacis area of the glomerulus, but the studies of
Michael, Fish and Good [5] and more recent obser-
vations of Mauer et al [8] suggested such a possibility
for aggregated proteins. Although it is attractive to
view the mesangium, glomerulus stalk and lacis area
as a functional unit for removing filtration residues
from the glomerulus, there has been no actual evi-
dence for this concept [9].
As colloidal carbon offers the advantages of visibil-
ity by both light and electron microscopy, is readily
measured quantitatively in the blood and is inert and
thus "indigestible" in biological systems, facilitating
the long-term observation of the particles, it was used
to study the fate of these macromolecules within the
mesangial system.
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Methods
Colloidal carbon, containing 100mg of carbon/mi,
was obtained from Gflnther Wagner (Hannover, Ger-
many, Colloidal Carbon for Biological Use, C11/1431a)
and was injected into rats as a single i.v. dose of
70 mg of carbon/l00 g of body wt. In addition to
carbon (particle size, 200 to 300 A), this prepara-
tion contains 4.3% fish glue and 1% carbolic acid.
Endotoxin could not be detected in either the carbon
suspension or the media used for suspension by Li-
mulus assay [10] and neither suspension interfered
with the detection of added endotoxin. A total of 75
male Wistar rats weighing 180 to 200 g were divided
into groups of five and were killed at time intervals of
5, 10 and 60 mm; 4, 8, 16 and 32 hr; 3,4,6 and 8 days;
and 2, 3, 4, and 7 weeks after injection. Immediately
before sacrifice the rats were lightly anesthetized with
ether and blood samples were obtained from the tail
vein for quantitation of carbon concentration and for
platelet counts by phase contrast microscopy. Car-
bon quantitation was determined according to the
method of Halpern et al [11] in which 10il of free
flowing blood was obtained and hemolyzed in 2 ml
of 0.2% sodium carbonate. The optical density was
measured in a spectrophotometer (Beckman) at a
wavelength of 650 nm using a blank of normal he-
molyzed blood; a standard curve was constructed
from dilutions of the original carbon solution.
In one group of five rats, daily urinary albumen
excretion before and after the injection of colloidal
carbon was measured by the radial immunodiffusion
technique of Mancini, Carbonara and Heremans
[12].
Control studies for platelet counts and albumen
excretion were each done in five rats injected with an
equal volume per body weight of the fluid used for
carbon suspension but without the carbon added
(control fluid also obtained from Gunther Wagner,
Hannover, Germany).
Morphologic specimens were obtained from the
left kidney and prepared for light and electron
microscopy. Thin slices of cortex were fixed in 4%
buffered formalin, embedded in paraffin, sectioned at
4p and stained with periodic acid-Schiff (PAS) for
light microscopy. The uptake of carbon by the mesan-
gium of each rat was scored on a 0 to 3+ scale: no
particles or very few particles in rare mesangial lob-
ules = 0, few particles in all lobules or small clusters
in some mesangial lobules of most glomeruli = 1+,
small clusters in most lobules or large clusters in
some mesangial lobules of most glomeruli = 2+ and
small and large clusters of carbon in all lobules of the
mesangium of most glomeruli = 3+.
All glomeruli sectioned through their largest di-
ameter and the vascular pole were utilized to eval-
uate the possible movement of carbon within the
mesangial areas. The glomeruli were divided into
four arbitrary zones (see Results), and the quantity of
carbon in each zone was estimated at 800 mag-
nifications in each animal and time period by the
above criteria. Attention was also paid to the tri-
angular area bordered by the afferent and efferent
arteriole and the distal tubule at the base of the
glomerulus and known as "lacis" or "polkissen" area
[13]. Carbon in this area was scored as follows: no
particles = 0, less than five particles 1+, more than
five particles or a cluster of particles = 2+, more than
five particles and a few clusters = 3+, more than
three clusters = 4+. The average score of each of the
five zones in 10 to 25 glomeruli from each group of
rats was calculated to obtain the values shown in
Fig. 4.
Tissue for electron microscopy was fixed by immer-
sion in 2% glutaraldehyde in cacodylate buffer and
processed as described previously [14]. The tissue was
embedded in Vestopal-W or Epon-812 (Vestopal-W,
plastic embedding media—available from Poly-
sciences, Inc., Paul Valley Industrial Park, Warring-
ton; PA. Epon-8 12—available from Strucol Inc., Zut-
phen, The Netherlands). Thin sections were cut on a
microtome (Porter-Blum), stained with lead citrate
and uranyl acetate and examined with an electron
microscope (Philips 200).
Portions of renal tissue from each of three rats
obtained at 10 mm, 1, 4, 24 and 74 hr and at 14 days
after injection of carbon or the control solution were
rapidly frozen in isopentane prechilled in liquid nitro-
gen and processed for immunofluorescent micros-
copy as previously described [15], using monospecific
fluorescein-conjugated antisera to rat IgG, 1gM, C3
fibrin and albumen prepared as previously described
[16]. Wilcoxon's test was used for statistical analysis
with P < 0.05 as level of significance.
Results
All rats survived the experimental periods in-
dicated. The mean blood concentration of colloidal
carbon five minutes after injection of 70 mg/100 g of
body wt was 7.6 mg/mI. The level of carbon fell
rapidly to 5.0 mg/mI at 10 mm, 1.7 mg/mI at 60 mm,
0.22 mg/mi at 4 hr and 0,06 mg/mI at 8 hr. The blood
concentration then fell slowly to 0.04 mg/mI at 16 hr,
0.03 mg/mI at 32 hr, 0.01 mg/mi at 72 hr and was not
measurable (less than 0.01 mg/mI) at 96 hr. In some
rats measurable concentrations of blood carbon were
again found at 6 days (means, 0.01 mg/mi) and at 14
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days (mean, 0.04 mg/mI) and at 21 days, the longest
interval after injection evaluated (mean, 0.02 mg/mI).
Mean platelet count in normal rats was 1,072,000
mm3 with a SD of 273,000. Injection of colloidal
carbon solution resulted in a sharp and significant
decrease in platelet counts which reached the low-
est mean value of 137,000/mm3 at 32 hr with a
gradual return to a sustained normal level at 14 days
after a temporary overshoot at 8 days after injection
(Fig. I). Rats given 0.7 ml/100 g of body wt of the
control fluid showed a mild transient fall in platelet
count which returned to normal on the second day.
The lowest mean count was 701,200 at 32 hr (Fig. 1),
and did not differ significantly from the nontreated
normal rats.
Urinary albumen excretion was evaluated in a
group of five rats during two consecutive days before
and for four consecutive days after injection of the
colloidal carbon solution and in five rats injected with
the control fluid. Mean albumen excretion rates in
experimental and control groups on the preinjection
days did not differ significantly from each other and
were, respectively, 0.4 mg and 0.6 mg/24 hr on the
first day and 0,6 and 0.5 mg/24 hr on the second day.
Mean urinary albumen excretion during the four
days following injection of colloidal carbon was 8.1,
4.9, 0.9 and 0.5 mg/24 hr. The mean values at 24 and
48 hr after injection were significantly higher than
those before injection. In contrast, mean excretion of
albumen in rats injected with the control fluid was
1.6, 1.1, 0.8 and 0.7 mg/24 hr on the four consecutive
days after injection (Fig. 2). The mean albumen ex-
cretion during the first 24 hr after injection was signif-
icantly higher than that before injection but signifi-
cantly lower than that of the carbon-treated rats
during this interval.
Microscopic sections of kidney specimens obtained
five and ten minutes after injection demonstrated
large amounts of carbon within glomerular and per-
itubular capillaries. A significant amount of carbon
was first detected within the mesangial regions in the
60-mm specimens and the concentration increased
gradually, reaching a maximum at about 32 hr after
injection. Thereafter, a gradual decrease in the num-
ber of carbon particles within the mesangium was
observed (Fig. 3 and Table 1).
Glomeruli that were sectioned through their largest
diameter and the vascular pole and lacis area were
arbitrarily divided in four zones as shown in Fig. 4.
Examination of these glomeruli revealed that differ-
ent zones of glomerular mesangium contained max-
imal quantities of carbon at different intervals after
injection. Thus, the most peripheral zone reached a
maximum earlier than did the more central zones and
significant amounts of carbon were present in the
lacis area only at two, three, four and seven weeks
after injection. Although carbon was observed in the
mesangium and lacis area at seven weeks, there were
fewer particles than at four weeks after injection
(Figs. 3 and 4). No differences in the quantities of
carbon in the mesangium of superficial and juxta-
medullary glomeruli were observed.
Electron microscopy of specimens obtained at
early time periods (five to ten minutes) revealed car-
bon particles within the glomerular capillary lumens.
Carbon was not found in the mesangium nor within
or beneath the endothelium at this time and no plate-
let aggregates were seen. At 60 mm carbon was regu-
larly seen in fenestrae and among microvilli (cyto-
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Fig. 2. Mean daily urinary albumen excretion after injection of
colloidal carbon and control fluid (five rats in each group at each time
period).
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Fig. 1. Mean platelet counts after i.v. injection of 70 mg/100 g of
colloidal carbon and con! rol fluid (five rats in each group at each lime
period).
398 Elema eI a!
Fig. 3: A, Glomerulus five minutes after i.v. injection of colloidal carbon. Carbon is present in the capillary lumen but the mesangium and lacis
area (arrow) are free of carbon. B, Sixteen hours after injection. No carbon is present within the capillary lumen but the mesangia! areas
contain moderate amounts of carbon. The lacis area is free of carbon. C, Thirty-two hours after injection. Large clusters of carbon are shown
within the mesangium but the lacis area is free of carbon. D, Three weeks after injection. There is decreased carbon within the mesangium.
Note the small clusters of carbon within the lacis area. (All figures, PAS stain, X560.)
folds) of endothelial cells covering the mesangium,
inside and beneath endothelial cells at the interface
with the mesangium and within mesangial inter-
capillary channels. Areas suggestive of phagocytosis
of carbon by mesangial cells were also present (Figs.
5—7). Carbon was never found beneath the endothe-
hum at the periphery of the capillary loops or within
the lamina rara interna of the glomerular basement
membrane.
Specimens obtained at four hours and thereafter
demonstrated carbon particles within channels be-
tween mesangial cells, continuing evidence of phag-
ocytosis and increased concentrations of carbon
particles within the cytoplasm of mesangial cells, usu-
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Timeof sample
Relativeconcentration of colloidaI carbona
0+ 1+ 2+ 3+
5 mm 5b
10 5
60 2 3
4 hr 3 2
8 4 1
16 3 2
32 5
3 days 2 3
4 1 4
6 3 2
8 4 1
2 weeks 5
3 2 3
4 3 2
7 1 2 1
ally within compartments surrounded by a single
membrane, but sometimes carbon appeared to lie free
within the cytoplasm. Carbon particles were also
present in dense bodies (Fig. 8). In local areas con-
taining carbon, the channels between segments of
mesangial cytoplasm appeared wider and less dense
than normal.
The specimens obtained at 96 hr and all latel time
periods showed a gradual decrease in both the size
and number of carbon aggregates enclosed within
membranes and dense bodies. Carbon particles were
occasionally seen within the mesangial cytoplasm and
matrix (Fig. 9). When observed within the juxtaglo-
merular area (two weeks and later), carbon was pres-
ent within small membrane limited organelles (or
apparently lying free) in the cytoplasm of lacis cells
and cells of the wall of arterioles (Fig. 10). Carbon
was also found in the interstitial space between lacis
cells near the base of glomeruli, or between these cells
and the adjacent tubules (Fig. 11). Carbon was never
found within the urinary space. Although mesangial
pseudopods protruding in the capillary lumen were
found at all time intervals, they seemed more promi-
nent at the early intervals. The mesangium of rats
injected with control fluid showed varying density of
mesangial matrix and occasional mesangial pseudo-
pods in the capillary lumen.
No deposition of rat IgG, 1gM, C3, fibrin or albu-
men was detected by immunofluorescent microscopy
in glomeruli of rats receiving carbon or the control
solution. The rare quantities of IgG, 1gM and C3
found in glomeruli did not exceed that of normal rats
and were not anatomically related to carbon particles
in these same sections.
Discussion
This study demonstrates an active participation of
the mesangial cells of the glomerulus in the removal
of colloidal carbon from the capillary circulation and
certain aspects of the mechanisms which are involved
in that process. Halpern et al [II, 17], showed that
low doses of injected colloidal carbon were rapidly
removed from the blood stream by the major retic-
uloendothelial (RE) system of the liver, spleen,
lymph nodes and bone marrow. Later, Benacerraf et
al [7] observed that the uptake of carbon by tissues
other than the classical RE system occurred only
after repeated or large injections of carbon, and these
authors introduced the concept of blockade. Our ex-
perience confirms their finding that significant uptake
by the mesangium occurs only following injections of
relatively large amounts of carbon and indicates that
the process of uptake is less rapid and more pro-
longed than for ferritin [3] or thorotrast [1, 2].
We have also confirmed the observation of Salvido
and Crosby [18] and Cohen, Braunwald and Gardner
[19], who noted a prompt decrease in platelet counts
following the injection of colloidal carbon in rabbits.
The thrombocytopenia for six to eight days following
510604 816323 4 6 8 2 3 4 7
mm hr days weeksthhnH
Table 1. Semiquantitative uptake of colloidal carbon
by mesangial cells
a Graded 0 to 3+; for relative concentration, see text.
b Relative concentration was graded in a total of five rats at each
time period. Numbers refer to distribution of the concentration
observed in the glomeruli of the five animals. Note that 3+ con-
centrations were observed in all five animals at 32 hr.
+++
++
+++
+
+
Fig. 4. Relative amounts of carbon (grading same as Table I) in
various mesangial zones of glomeruli (schematic drawing of zones at
left), at various time intervals. Note the change in distribution of
carbon in various zones over time. Decreasing concentrations were
noted in the peripheral zone after 32 hr, while increasing concen-
trations were observed in the lacis area (bottom line) at later time
periods.
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Fig. 5. Electron micrograph of a capillary and portion of a mesangial cell (M) at four hours after injection of colloidal carbon. Carbon particles
are seen within the lumen (L), among processes of the endothelial cell (E), within the spaces between the endothelial and mesangial cell (broad
arrow) and between segments of mesangial cytoplasm (arrow). The encircled small dots are precipitated lead stain. (X 19,600.)
injection of large amounts of carbon noted in the
present experiments was quite prolonged when com-
pared to the transient decrease for a few hours de-
scribed after smaller doses of carbon in previous re-
ports [18, 19]. Van Aken, Groote and Vreeken [20,
Fig. 6. Higher magnification of the endothelial-mesangial interface,
four hours after injection of colloidal carbon. Carbon is shown
between segments of endothelial cytoplasm (arrow) and within the
channel between the endothelial (E) and mesangial cell (M). Car-
bon is also shown within a vacuole in the endothelial cell (Broad
arrow). (X34,200.)
21] have called attention to platelet aggregation as an
important mediator of clearance by the RE system.
The fluid in which the colloidal carbon was sus-
pended may in part be responsible for the observed
effects on platelet counts, but in our experiments the
carbon particles appeared to be the main factor. Al-
though it is clear that injection of colloidal carbon
leads to platelet aggregation, the physiologic and bio-
chemical consequences of this interaction and the
possible release and the role of a number of potent
vasoactive platelet factors are incompletely defined
[18, 19]. Kniker and Cochrane [22] and Henson and
Cochrane [23] have provided evidence that release
of platelet factors plays an important role in facili-
tating deposition of immune complexes in glomeruli
through a presumed influence on glomerular cap-
illary permeability. Migration of carbon particles
through the wall of epitheloid venules in lymph nodes
is facilitated by aggregation and degranulation of
platelets [24], and histamine alters vascular per-
meability allowing passage of carbon through vessel
walls [25]. The transient albuminuria noted in the
present experiments may be an expression of in-
creased capillary permeability related to factors re-
leased from aggregated platelets. The close correla-
tion of changes in platelet counts and albumen
excretion supports this hypothesis.
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Fig. 7. A similar area, four hours after injection of carbon, showing apparent phagocytosis of carbon particles by endothelial (E) (arrow) and
mesangial (M) cytoplasm (broad arrow). Note the carbon in the matrix channels between mesangial cell process. (X35,600.)
Despite these changes no evidence that the carbon
preparation used in these experiments leads to gb-
merular injury was obtained. This preparation has
been widely used in tracer studies and does not con-
tain endotoxin. In our experiments glomeruli showed
no evidence of inflammation (i.e., no increase of poly-
morphonuclear leukocytes and no cellular pro-
liferation) and immunoglobulins, complement and
fibrin were not demonstrated in immunofluorescent
studies. Although the mesangial matrix in carbon-
treated animals appeared to be less dense than the
typical matrix seen in perfusion-fixed material, and
mesangial pseudopods were frequently present, these
changes were also demonstrated in animals injected
with control fluid. We suggest that the pseudopods
may represent a fixation artifact [26].
These studies indicate that the major pathway for
entry of carbon particles into the mesangium is via
fenestrae and channels present or developing in endo-
thelial cytoplasm overlying the mesangium followed
by passage through channels between adjacent
mesangial cells. A similar pathway was described by
Latta et al for thorotrast [1]. Sometimes carbon ap-
peared to be transported through the endothelial cell
as shown by Michael et al [5] for aggregated proteins.
The fact that carbon particles were never seen
within endothelial fenestrae or within the sub-
endothelial space at the periphery of the capillary
loop makes it unlikely that carbon reached the
mesangium as a filtration residue swept along the
subendothelial space, as proposed for ferritin par-
ticles [3]. Our observations with carbon are similar to
those of Latta and Maunsbach [2] with thorotrast,
although thorotrast reached the mesangial area more
quickly.
Once carbon entered the mesangial channels, it was
apparently taken up by mesangial cells. The presence
of carbon in infoldings and in organelles limited by
single membranes is compatible with a process of
phagocytosis similar to that observed in cells of the
RE system [27].
The slow disappearance of carbon particles from
mesangial cells was unexpected but appears to be a
crucial observation in this study. Our data suggest
that at least one process involved in removal is the
movement of carbon toward the base of the glomer-
ulus and the lacis cells. The changing quantities of
carbon within the several zones of the glomerulus at
sequential times suggest that carbon was taken up by
the peripheral mesangial cell system which is presum-
ably most widely in contact with the capillary blood
stream and transported along the axial mesangial
stalk toward the lacis area in the juxtaglomerular
region. An intimate anatomic relationship and conti-
nuity of intraglomerular mesangial cells and lacis
cells have been clearly illustrated by the ultrastruc-
tural serial section reconstructions of Barajas [28],
and other authors have suggested that there are no
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real morphologic differences between lacis cells and
mesangial cells [1, 29]. Latta and Maunsbach [21
considered significant transport toward the lacis area
an unlikely possibility, but their opinion was based
on observations during a relatively short period (24
hr) after injection of thorotrast. The present studies
show that transport of carbon toward the lacis area is
apparent only after a period of weeks rather than
hours. The observations of Michael et a! [5] and
Mauer et a! [8] by fluorescent microscopy support the
Fig. 8. Electron micrograph of a mesangial region three days after injection of carbon showing large and small clusters of carbon within the
cytoplasm of several mesangial (M) cells. The largest cluster is membrane limited (see insert) while some of the smaller clusters (broad arrow)
appear to lie free within the cytoplasm. Carbon particles are also present within the dense body (db). (Xl 1,600.) Insert: Higher magnification
of the area indicated by the rectangle, showing the single limiting membrane (arrow) surrounding the largest vacuole containing carbon (N =
nucleus of mesangial cell). (X34,200.)
view that a similar but more rapid transport of aggre-
gated proteins toward the lacis area may occur. A
possible mechanism for transport of carbon is sug-
gested by our ultrastructural observations. Move-
ment of carbon particles after initial uptake by mesan-
gial cells may proceed by release of carbon from
intracellular vacuoles into mesangial intercellular
channels, followed by uptake by other more cen-
trally positioned mesangial cells. This concept is sup-
ported by the observation of carbon within both
intracellular membrane-bound bodies and inter-
capillary channels throughout the period of study
and is based upon the concept of a continuum of
contiguous mesangial cells and channels through
which carbon particles might slowly move from the
periphery of the glomerulus toward the lacis area.
Alternative theoretical mechanisms compatible with
a centripetal movement of carbon include displace-
ment of whole cells within the mesangial system to-
ward the lacis region and their replacement in the
periphery by cell division or influx of circulating
monocytes. However, the present studies did not pro-
vide evidence favoring this concept of movement of
whole cells.
The disappearance of carbon from the mesangium
over time could also reflect its return to the glomeru-
lar capillary lumen and transport to the RE system.
The apparent movement of carbon toward the lacis
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Fig. 9. A portion of the central mesangial tissue, six days after injection of carbon. showing carbon particles apparently free within the cytoplasm
of mesangial cells (M), and within the mesangial matrix (rn-arrow). An apparent artifact (hole-x) is also present. (X20,000.)
•
 
a
', 'I 
V.
 
—---c--
_
-.
':? "-
- — •/'t
-
-.
A -
c4fl **%r.aww*sa t:
-; .- -
:.e
1'1L_ •fla 9;;:;
C
I-% I
404 Elema el a!
cells over time makes this possibility unlikely. The
more rapid disappearance of aggregated proteins
from the mesangium noted by Mauer et al [8] sug-
gests that intracellular digestion is an important fac-
tor in the removal of biologically degradable mate-
rials.
The quantities of carbon in the lacis area of kid-
neys from rats obtained seven weeks after carbon
injection were smaller than those observed in speci-
mens obtained at four weeks suggesting that further
transport of carbon occurs. Thus, another com-
partment must exist into which the carbon is trans-
Fig. 10: A, Section through the axial pole of a glomerulus, two weeks after injection of carbon. A distal tubule (DT) is seen at the base; the field
includes a portion of an arteriole (A), Bowman's capsule (BC), a portion of a glomerular capillary (C) and its mesangial area, Bowman's
space (B) and a portion of the mesangial stalk (M) adjacent to portions of two lacis cells (L). The thin-walled structure on the left (Ly) is
possibly a lymphatic. Aggregates of carbon are shown within the cytoplasm of a lacis cell (arrow) and within the wall of the arteriole (broad
arrow). (X7600.) B, Higher magn/1 cation showing details of the carbon aggregates (arrows) within the lacis cell (L) and the wall of the arteriole
(A). (x17,500.)
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Fig. 11. Electron micrograph of a distal tubule (DT) and area of
interstitial space (I) immediately adjacent to a glomerulus, demon-
strating clusters of carbon (arrows) in the interstitium; specimen
obtained three weeks following injection of carbon. The cytoplasmic
process is probably a portion of a fibrocyte (F). (X20,000.)
ported from the lacis cells at the base of the glomer-
ulus. Possibilities for removal of carbon from the
lacis area include movement into the renal inter-
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this region involves renal lymphatics.
These studies indicate that colloidal carbon may be
useful as a tracer in future mesangial function studies
performed under different experimental conditions
and in experimental renal diseases.
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